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Description 
1. Catalytic partial-oxidation 

reformer (5-10 kW) developed 
for generating hydrogen from 
methanol and other hydrocarbon 
fuels for use with fuel cells 
powering electric vehicles. 

2. Anode assembly for high-
throughput electrorefiner 
(>40 kg uranium per hour) 
deve loped for treating spent 
nuclear fuel. 

3. Samples being prepared for 
analysis in the Analytical 
Chemistry Laboratory. 

4. Fluorescence detector employed 
for synchrotron-based studies of 
actinide species in environments 
relevant to nuclear waste 
management. 

Disclaimer 



ANL-98/13 

Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 

1997 

Chemical Technology Division 
Annual Technical Report 

J. J. Laidler Division Director 
K. M. Myles Electrochemical and Basic Science Department 
R. E. Einziger Waste Management Department 
C. C. McPheeters Nuclear Technology Department 
D. W. Green Analytical Chemistry Laboratory 

June 1998 





TABLE OF CONTENTS 

Page 

ABSTRACT 1 

SUMMARY 2 

L ELECTROCHEMICAL TECHNOLOGY 13 

A. Advanced Battery Research and Development 13 
1. Lithium-Polymer Electrolyte System 13 
2. Lithium Battery Electrode Materials 17 
3. High-Power Energy Storage System 21 

B. Electrochemical Analysis and Diagnostics Laboratory 24 

1. Performance and Life Evaluations 24 

2. Post-Test Analysis 25 

C. Fuel Cell Research and Development 26 

1. Transportation Applications 26 
2. Direct Methanol Polymer Electrolyte Fuel Cells 31 
3. Molten Carbonate Fuel Cells 34 
4. Technical Management 40 

IL HAZARDOUS AND MIXED WASTE RESEARCH 43 

A. Development of Aqueous Biphasic Extraction Processes 43 

1. Metal Separations 43 

2. Removal of Lead from Contaminated Soils 46 

B. Development of Low-Temperature Phosphate Glasses for Waste Disposal 47 

C. Fundamental Studies of Actinide Behavior 47 

1. Microbiological-Actinide Interactions in Subsurface Environments 48 
2. Actinide Stability/Solubility Studies in Support of the 

Waste Isolation Pilot Plant 50 
3. Synchrotron-Based Studies of Actinide Species 52 

D. Radiolytic Gas Generation Studies 53 

E. Technical Support 56 

III NUCLEAR WASTE MANAGEMENT 59 

A. Preparation of Review Documents 59 

B. Static Tests with Savannah River and West Valley Glasses 60 



TABLE OF CONTENTS (contd) 
Page 

1. Dissolution Tests 60 
2. Vapor Hydration Tests 61 

3. Critical Review and Testing of Natural Analogues 62 

C. Drip Tests of Savannah River and West Valley Glasses 63 

D. Testing of Glass Waste Forms for Low-Level Waste 65 

E. Testing of Spent Fuel 66 

1. Unsaturated Tests with UO2 Samples 66 
2. Unsaturated Tests with Spent Fuel Samples 67 

3. Characterization of Reacted Spent Fuel Samples 68 

F. Immobilization of Plutonium 70 

1. Ceramic Characterization 71 
2. Glass Testing 72 
3. Ceramic Testing 72 

G. Development, Characterization, and Testing of 
Various Waste Forms 73 

1. Development of Test Method for Product Acceptance 73 
2. Qualification Testing of Ceramic Waste Form 74 
3. Transmutation Effects in Crystalline Waste Forms 75 
4. Pretreatment of Radioactive or Mixed Waste Vitrification Feeds 76 
5. Microscopic Radiation Damage in Waste Forms 76 

rv SEPARATION SCIENCE AND TECHNOLOGY 79 

A. Solvent Extraction Technology 79 

1. Demonstration of SREX Process 80 

2. Demonstration of SRTALK Process 81 

B. Advanced Evaporator Technology 83 

C. Technical Support to ANL Waste Management 83 

D. Production of Molybdenum-99 from Low-Enriched Uranium 83 

1. Cintichem Processing of LEU Targets 84 
2. Electrodeposition of Zinc and Nickel onto Uranium Foil 90 
3. Alkaline Dissolution of UO2 Targets 92 
4. Alkaline Dissolution of LEU Metal Targets 93 
5. Conclusion 95 


